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INTRODUCTION
Forests covering around 30% of Earth's surface provide vital organic infrastructure for ecosystem and environmental balance. They also contribute to genetic diversification and climate regulation. It is a well-known fact that global forest cover has decreased sharply during the last two decades and correspondingly deforestation and forest degradation increase in anthropogenic emissions of greenhouse gases have increased and led to climate change. Wildfires can be named as an important reason for the degradation of forests. They are uncontrolled fires that take places generally in countryside or wilderness area. Wildfires cause serious physical, chemical and biological damages on ecosystem and modify spectral and spatial characteristics of nature.
Being a major disaster all over the world, wildfires lead to essential modifications on natural ecosystem dynamics. Fires spread out greenhouse gas emissions and affect forest areas severely (Chuvieco, 2008) . In the Mediterranean region, wildfires constitute a major problem due to meteorological conditions, topographical factors and agricultural abandonments (Amraoui et al., 2013; Kaya et al., 2014; Viedma, 2008) . In the last five-year, average annual number of forest fires has been about 2100 destroying 6400 ha forested land in Turkey according to the statistics of Turkish General Directorate of Forestry (OGM, 2014) . It is obvious that comprehensive assessment of post-fire vegetation recovery is crucial in management of forested lands in Turkey.
Satellite imagery present a reasonable way to determine burn severity and monitor vegetation recovery by detecting the variation in reflectance by virtue of fire effects on vegetation (Chen et al., 2011) . Among numerous satellite sensors, Landsat is a free of charge multispectral multi-high resolution sensor providing synoptic coverage of Earth. Therefore, this satellite comprehensively has been used for mapping burned areas and post-fire vegetation studies (Ireland and Petropoulos, 2015; Petropoulos et al., 2014; Wittenberg et al., 2007) . Landsat images have 30-meter spatial resolution and spectral 7 bands resolutions that is satisfactory for detection of forest fire change distributions and observing post-fire vegetation regeneration events (Masek et al., 2008; Schroeder et al., 2007) .
The use of spectral vegetation indices is very common in forest management studies. It is commonly agreed that most effective index in the literature for burn severity is the Normalized Burn Ratio (NBR), computed as the difference between near-infrared (NIR) and short-wave infrared (SWIR) reflectance divided by their sum (Key and Benson, 2005) . Another most widely used index is the NDVI, which is indicator of vegetation greenness, measuring vegetation type and amount on land surfaces. It has been utilized in many studies to observe post-fire vegetation dynamics in Mediterranean region (e.g. Mitri and Gitas, 2010; Petropoulos et al., 2014; Veraverbeke et al., 2010) . In addition, SAVI has been used as an alternative index to monitor post-fire dynamics which is operable to discern between areas with bare soil and vegetation.
Various studies have pointed out that post-fire growth is generally affected by topographical features (Fox et al., 2008; Ireland and Petropoulos, 2015; Wittenberg et al., 2007) . In this context, this issue has been investigated with topography and aspect which related to post-fire regrowth (Ireland and Petropoulos, 2015; Petropoulos et al., 2014) .
The objective of this study is twofold: (1) determining the total burn severity of the Mersin-Gülnar wildfire in Turkey by using remote sensing based spectral indices, and (2) assessing postfire vegetation dynamics using multitemporal analysis of Landsat ETM+ images and GIS techniques. In this investigation, burn severity and vegetation recovery were assessed by using NDVI, NBR and SAVI indices. Moreover, fire occurrences were analyzed in terms of topographical features of the study area.
SITE DESCRIPTION
The study was conducted at the nearly Gülnar -Bücükeceli region (Figure 1) , located in the western part of Mersin Province, Turkey. It is a hilly region with elevations ranging from 156 to 830 m above the sea level, while the slope angles reach to 88°. Calabrian pine is the dominant tree species at the region and other types of Mediterranean vegetation, (e.g. maquis). The climate is dry-summer subtropical, average summer temperature is 27.2°C, average summer insolation time is 10.1 hour and average rainfall is 702 mm.
In the summer of 2008, Turkey encountered one of the largest wildfires in its recent history. The fire began 07.07.2008 and continued 60 days. It intensified by fierce winds, destroyed nearly 5000 ha of forest, forcing the evacuation of thousands from the villages. This fire event was selected as a case study to explore the vegetation regeneration over a period of six years from 2008 to 2014. 
DATASETS
In this study, a total of four Landsat ETM+ images obtained from United States Geological Survey (USGS) Earth Explorer (http://earthexplorer.usgs.gov/) archives, was employed. In image selection, the seasonal occurrence of fire and the absence of clouds were taken in considerations. An ETM+ pre-fire image obtained on 7 April 2008 and three post-fire images were acquired on 14 September 2008, 19 June 2011 and 13 July 2014. All preprocessed (geometrically corrected and geometrically resampled) images were registered to UTM projection with WGS84 datum.
In addition, Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) Global Digital Elevation Model (GDEM) version 2 acquired from ASTER GDEM (http://gdem.ersdac.jspacesystems.or.jp/) to produce the digital elevation model which is used to extract topographical features of the study area. All analyses for determining burn severity and monitoring vegetation regeneration in this study were carried out using ERDAS Imagine (2013) and ArcGIS (v. 10.0) software packages.
METHODS

Mapping Burn Severity
One of the most widely used index for mapping burn severity, is normalized burn ratio (NBR), which combines the reflectance in the NIR and SWIR bands. NBR is a very sensitive index to emphasize burned areas and to determine severity of the burns.
(1)
Temporal difference between pre-fire and post-fire NBR to produce an index of burn severity, is expressed with an index called the Differenced Normalized Burn Ratio (dNBR). It is calculated from: 
where L is soil brightness correction factor and the value of L varies by the amount of vegetation cover. Generally, L=0.5 works well in most situations and is the default value used in the vegetation literature. Similar to SAVI, ranges from -1 to +1 and lower values show sparse vegetation amount/cover.
The potential impact of aspect on post fire vegetation recovery dynamics was investigated. Aspect maps generated from previously obtained ASTER GDEM. Four topographic aspect slope entities were studied: North (N) facing (0°-45°, 315°-360°), East (E) facing (45°-135°), South (S) facing (135°-225°) and West (W) facing (225°-315°). Afterwards, NDVI and SAVI images were multiplied with the aspect image to extract vegetation information with regard to aspect of the terrain.
RESULTS AND DISCUSSION
Fire perimeter was delineated with using burned area boundaries. Burn severity map produced with the NBR and dNBR indices was classified into four major classes: low severity (LS), moderate-low severity (MLS), moderate-high severity (MHS) and high severity (HS) (Figure 2 ). The results obtained from the analysis of spatial distribution of burned area presents 28% HS, 40% MHS, 26% MLS and 6% LS. It is apparent from the figure that Gülnar Wildfire could be categorized as a destructive fire, because more than 65% of the burned area was identified as moderate and high severity classes. The NDVI and SAVI values calculated for different dates and the regarding descriptive statistics for the burn scars are demonstrated in Table 2 and 3, respectively.
Figure 2. Burn Severity Classes
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In the first stage of analyses, amount of change in NDVI and SAVI values were analyzed for comparing the pre/post fire conditions. It is obvious that there are abrupt changes of NDVI-SAVI values on burned are when matching the pre/post fire conditions. As can be seen from Tables 2 and 3 , mean NDVI for the area decreased from 0.48 to 0.17 while mean SAVI decreased from 0.61 to 0.26 after the fire. Six years after the fire, NDVI levels improved up to 57% of prefire levels, while SAVI values improved up to 63% of prefire levels. Undoubtedly, there is a moderate but stable raise in the mean NDVI and SAVI within the affected areas. This fact explains that vegetation recovery dynamics following a forest fire event take a long time.
The relationship between aspect and vegetation regeneration were also investigated using the ASTER GDEM data of the region. Table 4 shows the number of healthy NDVI / SAVI pixels across the fire affected area and vegetation recovery ratio of consecutive six years separately for the north, south, west and east facing slope aspects. Analysis for main directions of the aspect (N, E, S, W) showed abrupt decline in NDVI / SAVI levels immediately after the fire, with a consistent tendency return pre-fire levels in the following date. Table 3 . Multitemporal SAVI statistics Also, a visual interpretation of the relationships between vegetation recovery and topography are presented in Figures  3 and 4 , respectively. Comparing the two index results, it can be seen that stronger recovery dynamics appeared to occur in the East and North of the burn scar area. It is common with other studies and many authors finding that recovery was better on north facing slopes comparing to south facing slopes related to northern hemisphere dynamics (Fox et al., 2008; Wittenberg et al., 2007 As shown in Table 4 , on south-and west-facing slopes the increase appeared lower both NDVI and SAVI compared to east-and north-facing slopes. Furthermore, there are a number of similarities between the regrowth dynamics of NDVI and SAVI on aspect ways. The percentage increase in regenerated vegetation seems to be higher for SAVI in comparison to NDVI. 
CONCLUSIONS
The aim of this study was to map the fire scar and monitor post-fire vegetation restoration period of Mersin-Gülnar fire occurred in 2008, during a 6-year period using multitemporal Landsat ETM+ images. The time series allowed to analyze the damage and regrowth process of wildfire. In this context, spatio-temporal analysis between vegetation regeneration ratio, topographical dynamics and burn severity were also investigated. Detailed assessment of burn severity is costly and time consuming, the use of multi-temporal Landsat ETM+ images enable accurate mapping of burn severity and monitor long term vegetation cover trends related to aspect. An area of 5,388 ha was mapped as burned with moderate to high severity damage by using dNBR method. Analysis of vegetation regeneration in study area indicated that vegetation cover has recovered to around 60% of the pre-fire levels after 6 years according to NDVI-SAVI multitemporal validation. Post-fire SAVI spatial patterns showed a relatively rapid regeneration comparing with NDVI. It can be concluded that the use of SAVI to determine post-disturbance recovery could be an alternative to NDVI. Moreover, the analysis of regeneration with regard to topographical features revealed that north and east facing slope aspects displayed a 
